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Iix yac excruryaranii ciopyiM BUHMKAKTEL CUTYAllil, KOJIM HeoOXiIHO 3MIHMTH IJIAHYBAJIbHE
pillleHHs1, siKe Belde 10 BTPYYaHHS B Hecydi ejleMeHTHM KoOHCTpykumil. Ilincmnennss 6yab-sikoro
eJleMEeHTAa KOHCTPYKIII OXOIUIIOE He TiIbKH BU3HAYEHHS CTYIeHs MOIIKO/KeHHS eJieMeHTa, aje i
MeToay iforo miacujieHHsa. Came BU3HAUeHHSI CTYNeHsI MOIIKOUKEHHS € HAI3BUYAHHO CKJIATHUM |
BiINOBITAILHMM 3aBJAHHAM sl ickeHepa. B OinbluocTi BHUNAAKIB MOIIKOMIKEHUNH eJIeMEHT
BBAKAETHCSA TAKUM, 110 He MOKe CIIPUIiMATH HABAHTAKEHHA i, AK HACJIIIOK, Mi/X Yac MPOEeKTYBAHHS
MiICHJIEHHS HOBi eJIeMeHTH NiICUJIeHHS] PO3PaxoBYIOThesl 0e3 BpaxXyBaHHsSl HeCY4ol 3/aTHOCTI
MOLIKO/UKEHOro ejieMeHTa. Takuii minxin He BUNpaBaoBye cefe y BHIAAKY, KOJM MH 3MylIeHi
BPaxoBYBATH radapuTH ejieMeHTAa micjs migcuienns. ToMy o ToyHile MM 3MOKeMO BU3HAYUTH
(aKTHYHHUI CTaH NOIIKOKEHOro (aBapiiiHOro) ejgeMeHTa, TO eQeKTHBHIlIE 3MO0KEMO YCYHYTH
aBapiiiHy cuTtyaniio 3 MiHiMAJILHUMH 3MiHAMH OKA3HUKIB MPUMILLEHHS, CTIOPY/AH, TOLIO.

Karo4ogi cjioBa: MoJeioBaHHsA, 3a/1i300eTOHHMI eJleMeHT, Hecy4a 3aTHICTb.
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During the operation of the building there are situations when it is necessary to change the
planning decision, which leadsto inter ference in the bearing elements of the structure. Strengthening
of any dement of design — a complex engineering task that involves determining the degree of
damage and the method of its strengthening. In most cases, the practice is used — the damaged
eement is consdered to be unable to accept the load, and as a consequence, when designing the
reinforcement, the new reinforcement elements are calculated without taking into account the
bearing capacity of the damaged element. This approach jugtifies itsdf in the case when the new
dimensions of the damaged dement after the reinforcement are not limited. Very often we have to
take into account the dimensions of the item after strengthening in order not to violate the
requirements of the operation, not to disturb the existing production lines in production, the
possibility of the strengthening in terms of manufacturability and also, of course, the financial
component. With the above said, we can conclude —the mor e accur ately we can deter mine the actual
condition of the damaged (emergency) dement, the mor e efficiently we can eliminate an emer gency
gtuation with minimal changes char acteristics of buildings, structures, and so on.

Key words: mathematical modeling, concr ete elements, carrying capacity.

Beryn. [lopymuTty 10 TeMy Hac CIIOHYKaB 0araTOpiuHWEN JTOCBiZ OOCTEXKEHHS HasIBHUX KOHCTPYK-
i JUIS BCTAHOBJICHHS IXHBOTO (DaKTHYHOIO CTaHy, BH3HAYCHHS MOJKJIMBOCTI O€3MEYHOT MOJANbIIOl
eKcIuTyaTarii 3riguo 3 [1, 2]. 3araasHOBIIOMO, 10 3a3BUYail IHKEHEp OTPUMYE 3aMOBJICHHS Ha BUKOHAHHS
TEXHIYHUX BHCHOBKIB, KOJIM criopyzAa abo i1 okpeMi eleMeHTH rnepe0yBaloTh B HE3aJ0BUILHOMY abo aBa-
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piiiHoMy cTaHi. B 6araThox BUMagkax MU 3MYILIEHI JaBaTH BUCHOBOK IPO HEOOXiJHICTh 3aMiHU TIEBHOT'O
eneMeHTa abo BUKOHAHHS HOTO MiJICHIICHHS. 3yMTMHUMOCH JICTANIBHIIIIE HAa PYroMY — Ha ITiICHIICHHI.

[liarpyHTSAM 111 TOAAIBINOT TOCTITHUIIBKOT pOOOTH CTallN pe3yIbTaTH OOCTEKEHHSI Ta PEKOHCTPYK-
il HU3KH IPOMUCIIOBHX CIIOPY/I:

— 3HAYHI MOMIKOHKCHHSI 3aJ11300eTOHHUX pureniB (puc. 1);

— HasIBHICTh MOPYIICHb Y TEXHOJIOT'1i BUTOTOBJICHHS PUTeNiB (3aXMCHUIA 1Iap, MOPYLUICHHS FeoMeTpii
onanyoku) (puc. 2);

— HasABHI MOHTA)XH1 BIIXUJICHH,

— HasIBHICTH 30ipHUX 3aJTi300€TOHHUX EIIEMEHTIB, 110 HAJISKATh JI0 TIEPIIUX THIIOBUX cepiit 30ipHOTro
3aJ1i300eTOHy. 3HAHTH Oy/Ib-SIKi MaTepiain MI0/I0 ApPMYBaHHS — HEMOXJIUBO.

— CYBOp1 BUMOT'H IIO/I0 TabapuTiB MallOyTHBOTO TIICHIICHHS 31 CTOPOHH 3aMOBHHUKA.

Puc. 1. [Towkoooicenns yeHmpaibHo2o Puc. 2. [Nowkoooicenns 3yMo8aeHi nopyueHHsIM
Hecy4o20 puzens MexHON02iUHO20 NPoYecy 8U20MOBNEHHS

Merta Ta 3apadi qocaimkens. Mera 11iel poO0TH — cUCTEMaTHU3YBaTH MMiXija Ta pakTopH, sKi BIUIMBAIOTh
Ha TIPOLIEC TIPUAHATTS PILICHHS 100 MMiICHIICHHS TIOMIKO/PKEHOro (aBapiiiHOro) 3a1i300€TOHHOTO eIIEMEHTA.

BinnoBiaHo 10 MeTH poOOTH BU3HAYEHO TaKi 3aBIaHH:

— aHaNi3 YMHHUKIB, [0 BIUIMBAIOTh Ha TIPOLIEC MOJEIIOBAHHS ICHYIOYOIO 3alli300€TOHHOTO
eNIeMEeHTa 3 METOI0 BU3HAYCHHsI (DAKTUYHOI HECydoi 37]aTHOCT.

Pe3yabTaTu aocaimkens. s peanizanii mocrasneHoi 3a1a4i BHOpaHo mporpaMHuii Komruieke Femap,
SKUI MICTUTh po3paxyHkoBuit Momyiab NX Nastran. Femap pae 3Mory MBHIKO Ta 3pY4HO MiITOTYBAaTH
pO3paxyHKOBY Momenb (puc. 3), a TaKOK MPOBOIAWTH IMITOPT MOENEH BHKOHAHHWX B IHIIMX IPOTPAMHIX
komiutekcax (sk mpukian Solidwoks, Abaqus, Ansys, Cagfem, Genesis, Ls-Dyna3D, MARC ta inmmi) [3, 4].
Femap e cepenoBuiiieM is MIATOTOBKH KIHIIEBO-SJIEMEHTHUX MOJENIEH KOHCTPYKILH 1 BIAIMOBITHUX KpaioBHUX
3a/1a4 I mojaisioro ix pospaxynky (Finite Element Modeling, npe-miporiecop), a Takox [uist Tepervisiay i
JOKYMEHTYBaHHsI pe3ysbTaTiB po3paxyHky (POSt-processing, moct-tiporiecop). 3 aomoMororw Femap mokmHa
migrorysary st NX Nastran, cepen iHImX, KpaioBi 3aaa4i JIIHIHHOTO a00 HEIIHIMHOTO CTATHYHOrO HPYXKHOTO
CTaHy, CTATHYHOrO IUIACTUYHOTO CTaHy, MOB3Y4OCTi, KOHTAKTHOI'O aHAJI3y, ONTHMI3allii KOHCTPYKIIH 1 iHIIi.
Komcrpyxkiist (vt cepenoBuiie) Moke OYTH armpoOKCHMOBaHA PI3HUMH KiHIIEBUMH €JIEMEHTaMH. OZHO-, JBO- i
TPUBUMIPHUX 3 PI3HUMH BJIACTHBOCTSMH, 3 PI3HUX MaTepialliB, XapaKTEPUCTHKU SKUX MOXYTh 3ISKATH BiJl
TeMIIepaTypH, IBHIKOCTI aedopmyBanus Tomo. Femap with NX Nastran mabysae cTpiMKOroO MOIIMPEHHS B
IHXKEHEPHIH NPaKTHIIi 3aBASKH MPOCTOTI i YHIBEPCATBHOCTI.

Ha »xanb, y pamkax ojniei myOuikailii HEMOXJIMBO PO3IJISHYTH BECh IMPOIEC MOJCTIOBAHHS Ta
pPO3paxyHKy pHreiss i MU BHPIIIWINA TOCTYIOBO BHKJIAJATH JIETANBHINIY iH(OPMAIi0 B HACTYITHHX
MyOJTiKaIisX.

[Tixg yac poGOTH HAJ UM IIACUICHHSM BUPIIIEHO TaKi MPOOIeMHU:

— MOJICITIOBAHHSI ICHYIOYOTr0 3aJ1i300€TOHHOTO eIEeMEHTa 3a 0MOMOror okpemux “ Solid” enemeHTiB
B cepeaoBul Femap;

— MOJICJTIOBAHHS apMaTypHUX CTPIKHIB 3a mgomomororo SOlid emementiB. Take mNUTaHHSA €
HAJ3BHYAHO BaXIMBUM. FEmMap, sk 1 OUIBINICTh Cy4YacHHMX NPOrPAMHHX KOMILJICKCIB, HE JIO3BOJISE

232



MOEAHYBATH B OMHIM Momeni exementn “Solid” ta “Lin€’, mo npusBoauTh 10 BENUKOI 3aTpaTy B Yaci Ha
MOJIC/IIOBaHHS apMaTypHHX CTPHKHIB 3a jpomomororo “Solid” ememeHTiB. Mu BUIpPOOYBadl METOIUKY
MOJIC/IIOBaHHs apMyBaHHS 3a JonoMorow “Lin€ eneMeHTIB 3 MOAaibIIow KoHBepralieto ix y “Solid”
ENIEMEHTH Ta aJIanTallii MoJieNli OeTOHY 3TiIHO 3 PO3TAIlyBaHHSIM apMYyBaHHS,

— PO3MJISHYTO NHUTaHHS KOHTAKTy MpPU MOJCTIOBAHHI 3YCIUICHHS apMaTypu 3 OCTOHOM IpH
MOJIC/TFOBaHHI B cepeaoBHMILi Femap;

— MPOBEICHUIA aHAITi3 BILUTHBY Ha PE3yJbTaTH PO3PAXYHKY PUTEISI PI3HUX METOAMK MOJICITIOBAHHS OIIOp;

— MPOBENCHUI aHaji3 MaTeMaTHYHUX MOJENIEH Jis IPOBENCHHSA PO3PaxyHKY. BukoHaHui aHai3
repeBar 1 HeOIIKIB 00paHuX MoJeNei.

Puc. 3. Mooeniosanns pueens 6 cepedosuwyi FEMAP

PesynbraToM MpoOBEICHOI pOOOTH CTal0 BHKOHAHHS POOOYHMX KPECIIEHb MiJCHIICHHS IIEHTPAIBHUX
puredniB ciopyau (puc. 3-5).

X0 ROMCULERHAR FUzenit M3EE AEH20 NOeny
OB kp=c esin
H 00

- 7 ——®
O] @ ® ® ® ® _ @ [
= 1 wa Wl " I " I " I " %:h m— @
o o ® ® 0 ® o) ®
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Puc. 5. Bapianm niocunenns pueeni
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BucnoBku. [IpoanamizyBaBmm oTpuMaHi B Tporeci poOOTH pe3ynbTaTd, MOXHA 3pOOHMTH Taki
BHCHOBKHU: 3aCTOCYBaHHS B TOBCSKICHHIH pOOOTI iHXeHepa MaTeMaTHYHOIO MOJIENIOBAHHS 1CHYIOUMX
3aTi300€TOHHUX KOHCTPYKIIH TpH BHU3HAYEHHI IXHBOro ()aKTHYHOTO HECY4Ooro CTaHy JacTh 3MOTY
OTpUMAaTH HabaraTo JOCTOBIPHIIi pe3yIbTaTH MOPIBHSHO 3 aHANITHYHUMH MeToJaMHu. MoJieNoBaHHS Ja€e
3MOTy OLIIHUTH BIUTHB 0araTbOX YNHHUKIB HA HECYYY 3/IaTHICTh ICHYIOUOT'O EIEMEHTA!

— BIUIMB JIepeKTIB BUTOTOBJICHHS 1 MOHTAXY;

— BIUTUB IMOIIKO/PKEHb €IIEMEHTA;

— TOYHIIIE MOJICNTIOBAHHS CXEeMH HaBaHTAa)KEHb,

— migbip HallepeKTUBHIMIOr0 METOLY MiJICHIICHHS.

TakuM 4YMHOM NPOBENEHI MOCTIIKEHHS MAalOTh I[IHHY iH()OPMAaTHBHO-aHAIITHYHY JOCIIIHHIIBKY
0a3y, € 3a CBOEIO CYTTIO BapTUMH IOJAIBIIOTO0 PO3BUTKY JUIS OTPUMAHHS METOIUYHUX BKAa3iBOK LIOI0
BIIPOBQ/KCHHST MATEMaTHYHOTO MOJICIIOBAHHS B TMPOIEC BU3HAYCHHS (AKTUYHOTO HECY4YOro CTaHy
OKpPEMHUX EIEMEHTIB KOHCTPYKIIIT 3a JIONMOMOT00 CY4aCHUX MPOTrpaMHUX 3acO0iB.
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